Computational details
We employ a global minimization of free energy surfaces based on ab initio density functional (DFT) total-energy calculations and a particle swarm optimization (PSO) algorithm as implemented in the CALYPSO code. Structure searches were performed at 100, 200 and 300GPa with up to four formula units for Li m Ar n ((m,n)=(1,5)-(5,1); (2,3); and (3;2)). In each search, in the first step, random structures of random space group symmetry are constructed in which the atomic coordinates are generated by the crystallographic symmetry operations. Then the structures are optimized to local minima by using DFT (VASP code) calculations. After processing the first generation, 60% of the structures, those with the lowest enthalpies, are selected to produce the next generation structures by PSO. 40% of the structures in the new generation are randomly generated. A structure fingerprinting technique of bond characterization matrix is applied to the generated structures, so that identical structures are strictly forbidden. These procedures significantly enhance the diversity of the structures, which is crucial for the efficiency of the global search of structures. The local optimizations are performed by use of the conjugate gradient method and the criteria of the enthalpy change is 2 × 10 -5 eV per atom. In most cases, the structure searches reach convergence after 50 generations covering about 2500 structures. Note that all stable phases bar Li 3 Ar-Cmmm contain less than four f.u. in the unit cell. In order to ensure all possible relevant crystal structures for the LiAr composition were located, we also searched for structures of LiAr with simulation cell sizes of 6 f.u., 8 f.u and 10 f.u. at pressures of 100, 200 and 300 GPa. No new structures emerged. However, while one can not exclude the possibility that more complex structures are even more stable than those found here, structure searches with larger unit cells were not computationally feasible for other compositions.
Superconducting temperature
We calculated the superconducting transition temperature T c of the stable Li-Ar compounds using the Allen-Dynes form of the McMillan 1 equation:
) is the electron-phonon coupling constant, ɷ ln is the logarithmic average phonon frequency, and μ * is the Coulomb pseudopotential. The logarithmic average frequency was calculated by 
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